Abstract The NOAA listings of solar flares in cycles 21-24, including the GOES soft X-ray magnitudes, enable a simple determination of the number of flares each flaring active region produces over its lifetime. We have studied this measure of flare productivity over the interval 1975-2012. The annual averages of flare productivity remained approximately constant during cycles 21 and 22, at about two reported M or X flares per region, but then increased significantly in the declining phase of cycle 23 (the years 2004-2005). We have confirmed this by using the independent RHESSI flare catalog to check the NOAA events listings where possible. We note that this measure of solar activity does not correlate with the solar cycle. The anomalous peak in flare productivity immediately preceded the long solar minimum between cycles 23 and 24.
Introduction
The unusual behavior of solar activity during the sunspot minimum of 2008 has excited much interest. In general solar activity does exhibit long-term variability, extending to time scales exceeding that of the Hale cycle. Albregtsen and Maltby (1981) found that the ratio of umbra/photosphere brightness ratio varied with phase in the solar cycle; recently Penn and Livingston (2006) have noted a systematic change in umbral magnetic field intensity as well (cf. Watson et al., 2011) . The latter discovery spans the maximum of cycle 23, leading up to the unexpectedly extended minimum between cycles 23 and 24 (see, e.g., papers in IAU Symposium No. 286; Mandrini and Webb 2012) . This "extended minimum" had precedents, but not within the modern era (roughly speaking, beginning with the introduction of the F10.7 index by Covington in 1947; see, e.g., Tapping (1987) . Accordingly much new information has surfaced, ranging from variations away from a supposed basal level of total solar irradiance in the minima (Fröhlich, 2011) to an unprecedented level of cosmic-ray flux (Mewaldt et al., 2010) . The various observations suggest the existence of heretofore unknown properties of the solar magnetic field and its variation, both on global and local scales.
In this paper we report another effect: the variation of the flare productivity of a given active region. Here we use this term simply to mean the number of flares per active region (cf. Abramenko, 2005) , rather than anything to do with a region's magnetic structure. There is an extensive literature identifying flare occurrence with local properties of an active region, including both intrinsic properties such as helicity injection during flux emergence (e.g., Heyvaerts and Priest, 1984; Rust, 1994; Low, 1996) and global properties such as the coronal environment of an active region (e.g., Török and Kliem, 2005; Dalla et al., 2007; Jing et al. 2010) . Without prejudging the observational evidence for such processes, we have simply studied the NOAA and RHESSI (Reuven Ramaty Solar Spectroscopic Imager) databases on flare occurrence as seen in soft X-rays by the GOES (Geostationary Operational Environmental Satellite) detectors; see Wheatland (2001) for background information on this approach. The number of major flares per active region remained approximately constant during cycles 21 and 22, but then exhibited a distinct variation towards the end of cycle 23 as described here. For the initial period of cycle 24, to the time of writing at the end of 2012, the flare productivity appears to have returned to its prior levels.
NOAA Database
The primary source of information for our assessment of flare productivity is the NOAA "events" database. Since 1991 a version of these data has been directly available via SolarSoft (Freeland and Handy, 1998) ; the earlier databases used here began in 1975 and were obtained directly from NOAA Web archives. We have adopted the GOES soft X-ray classification as a standard referenceand accumulate statistics separately for the C and (M,X) ranges. Note that the soft X-ray photometers on the GOES spacecraft have differed slightly from one to another over the years, but that cross-calibration has generally been possible (e.g., White et al., 2005) . We return to the issue of database reliability in Section 3. Figure 1 shows the total content of these databases, plotting all C, M, and X-class flare positions vs time. These records extend from 1 September 1975, through 11 December 2012, and (redundantly) contain 82,344 total entries of all GOES classes. We screened these by eliminating redundancy and be taking only events for which the NOAA region number was listed, and also by removing some obvious outliers in heliolatitude. This step was purely cosmetic, since all of the 86 flares thus eliminated were B-class events and our work here is with C-class and above. Finally we eliminated events with heliolongitude outside the range ±75
• , in order to minimize the effects of solar tilt at the extreme limb. This resulted in a sample of (20, 143, 3, 791 , and 345) flares of (C, M, and X)-class respectively.
We have looked at the flare productivity by region by simply plotting the number of flares identified with a given flaring region as one-year averages ( Figure 2 ). We plot C and (M,X)-classes separately because of the systematic undercounting at C-class: the higher background produced by a major flare makes it harder to detect a concurrent minor one, or one that occurs during the gradual decay of such an event. Wheatland (2001) discusses this effect in detail and terms it "obscuration." Our simple distinction does not eliminate the bias completely because it depends on the flare occurrence pattern, which is definitely not random. However the arbitrary break point between GOES Cand M-class flares allows a qualitative distinction in the solar-cycle pattern of flare productivity to emerge. Figure 2 shows that the region productivity of (M,X)-class flares remained near or below two flares per region, but with a significant increase in [2004] [2005] . Similar increases did not occur at the corresponding phases of cycles 21 or 22. This anomalous behavior is formally significant at above the 3σ level. In the first two annual means of cycle 24, the flare productivity returned to earlier levels. Figure 3 give a different view of the flare productivity by region, in the form of histograms of productivity values for individual regions. These amplify the results found in Figure 2 by showing the distribution in flare productivity of the most productive regions. They reveal a strong flattening of the distribution of flare productivity in [2004] [2005] , which confirms the conclusion drawn from the mean flare productivities. Table 1 lists the ten most flare-productive regions in the second half of the cycle 23 maximum, with peak sunspot areas and magnetic classifications on the date of maximum area. "MSH" refers to the peak group sunspot area listed, in millionths of the solar hemisphere, and the magnetic classification refers to the time of this peak area. As expected from previous studies of flaring patterns (e.g., Gaizauskas, 1982; Zirin and Liggett, 1987; Schrijver, 2007) , these regions were all complex and mostly (8/10) classified as having δ configurations. They were not necessarily the regions with the largest areas, though, underscoring the requirement for other factors (e.g., magnetic complexity) in flare productivity. These regions produced 29 of the 30 X-class flares reported during this interval. Figure 2. Flare productivity for individual active regions, shown on the left for C-class events, and on the right for M and X. The striking systematic variation in the lower-left panel is an artifact due to the obscuration of weaker flares by stronger ones (Wheatland, 2001) . Years with fewer than ten regions have been omitted for clarity here. 
RHESSI Observations
The databases we have used have been generated outside our control, and probably contain both random and systematic errors. The early databases appear to have had some keyboard entry errors as well. We have therefore sought to check the recent data against the RHESSI flare catalog (available through SolarSoft or as a text file at http://hesperia.gsfc.nasa.gov/hessidata/dbase/hessi flare list.txt). This provides an independent location of each event, but done entirely through an automated pipeline reduction that identifies RHESSI flare events and tabulates their properties. The positions are unambiguous and come from direct imaging in higher-energy X-rays than GOES is sensitive to. The hard X-ray sources are physically smaller and thus better defined for this purpose. The RHESSI data began in 2002, and so we can check the annual mean flare productivity in the same manner as for the NOAA database. Note that the original NOAA flare listings derived positions from Hα flare associations. We find, in Figure 5 , a confirmationn of the NOAA flare-productivity anomaly in cycle 23 by use of this independent database. We note also that the RHESSI flare identifications show an increase in flare productivity at the C-class level, beginning roughly with the October 2003 events and continuing through the extended solar minimum period. We do not think that this effect could be seen in the lower-left panel of Figure 2 , both because of the miscounting problem and the lower sensitivity of GOES as compared with RHESSI during quiet times. This suggests that a more comprehensive study of the RHESSI hard X-ray flare statistics, including new data from cycle 24, will be interesting.
Conclusions
The NOAA database, as checked by the RHESSI data after 2002, shows longterm variability of the flare productivity. Specifically, active regions in [2004] [2005] had flare productivities (as we define them) about twice as large as those at other times. The most flare-productive regions immediately prior to this epoch were significantly less productive in general, with no regions in the first half of cycle 23 producing more than 10 M or X-class flares. This limit is strikingly smaller than that of prior or subsequent intervals. These effects do not appear to depend repeatably on solar-cycle phase, since the 2004-2005 increase was unique in the time interval since 1975. Wheatland (2001) had noted the existence of significant variations in the occurrence rates in individual active regions, and the pattern we have found seems consistent with that. We do not have any speculations as to the origin of this effect, but its timing just prior to the "anomalous" cycle minimum between cycles 23 and 24 suggests a possible relationship. On the plausible idea that flare occurrence results from twists imposed on the solar magnetic field prior to eruption, this effect might provide a clue to the dynamo action in the solar interior. The lack of a solar-cycle dependence in the flare productivity of active regions deserves mention. Except for the surge in 2004-2005, the number of (M, X)-class flares, in regions that produce them, appears to remain in the range 1-3 flares per region at all other times. This is consistent with the idea that the ability of an active region to produce an energetic flare is intrinsic to its own structure, rather than to interactions with other structures.
Databases now being produced, such as that from RHESSI and the "Latest Events" catalog of S. Freeland (http://www.lmsal.com/solarsoft/last events/) offer much superior metadata, and it would be possible to extend the latter to cover global event occurrence by use of positions from the STEREO (Solar Terrestrial Relations Observatories) data (e.g., Kaiser et al., 2008) . This would help to clarify the heliographic biases present in event identifications inevitably present in any Earth-based observational material. We suggest revisiting this question in about 2020, when the statistics for cycle 24 will be complete.
